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Microwave Emlssion from Chemical Reactions 

Three d i f f e ren t  experimental arrangements are now being used 

f o r  the invest igat ions o f  the emission o f  microwave rad ia t i on  by chemical 

reactions. 

w i t h  the argon discharge tube replaced by a 6 mn Pyrex tube connected t o  

a vacuum rack. 

The f i r s t  i s  an ordinary X-band waveguide noise generator 

This arrangement permitted the study o f  various other 

gases, 

ca l ibrated output signal generator. Accurate measurements were then made 

on the r a d i a t i o n  emitted from glow discharges i n  argon, air,  CO, and SO,. 

I n  each case the discharge power and the gas pressure were maintained as 

The microwave receiver was ca re fu l l y  cal ibrated w i t h  a Polarad 

near ly i den t i ca l  as possible. The measurements were made i n  a f lowing 

system a t  pressures o f  about 1 mn. The resu l t s  are shown i n  the fol low- 

i n g  table: 

Table I 

Gas 
- 

Microwave I n t e n s i t i e s  Observed from Glow Dischwqes I n  Various Gases 

Hicrowave Intensity, watts "Electron Temperature, 
j l  ilc bandwidth a t  10,000 t k )  Calculated, OK - - 

Argon 
A i r  
co2 
so2 

3 x 10-13 6 ,000 
6 x lo-'' 12,000 
2 x lo-" 4 x 105 

1.5 x 10-9 t o  2.5 x 10-8 3x10' to  5 x l o *  

The values f o r  argon and a i r  represent observations near the lower l i m i t  

of the receiver where the precision fo r  measurement o f  a noise signal is 

not the best. Thus, within the errors  of measurement the values obtained for 
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for e lectron temperatures correspond t o  those reported i n  the 1 i terature. 

With CO, and SO,, however, the i n tens i t i es  observed are very high and, 

i f  at t r ibuted solely t o  electron temperature, give values that are un- 

reasonably high. Thus, the emission observed must be due t o  some other 

cause i n  addi t ion t o  the electron temperature. 

A rea l  tes t  o f  whether the o r i g i n  o f  the emission may be the 

continua associated w i t h  the chemiluminescent reactions occurinq i n  the 

discharges would be t o  see whether such emission can be observed from the 

reactions alone, outside any discharge. This t e s t  cannot be carr ied out  

using the noise generator because the oxygen atoms recombine on the wal ls  

of the 6 mn tubing before any glow reaches the detection area. 

come t h i s  d i f f i c u l t y  two alternate systems have been set up. 

used a 12" length o f  S-band waveguide connected by standard waveguide 

To ovet- 

The f i r s t  

tapers t o  an X-band ptckup. The c h e ~ r ~ t u m ~ n e r ~ a n t  reaetlon guses are con- 

tained inside a 30 mn diameter U-tube which i s  placed i n  the s-band end 

of the system. 

may be as much as 1 5  db loss i n  th is  system from the S-band t o  the X-band 

end. Nevertheless, the large diameter tubing makes i t  possible t o  obtain 

Cal ibrat ion w i th  the signal generator indicates tha t  there 

a large volume o f  a high i n tens i t y  glow and studies now i n  progress appear 

pr mi s i ng . 
The f i n a l  experimental arrangement incorporates an 18" length 

of square X-band waveguide connected by tapers t o  an ordinary rectangular 

X-band pickup. The react ion gases are l e d  i n t o  and out of a 20 mn diame- 

t e r  glass tube inside the square waveguide through an i n l e t  and o u t l e t  

manifolds connected t o  the inside vessel by a series o f  pa ra l l e l  tubes 
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o f  small diameter but short length. 

d r i l l e d  through the center o f  the wide side o f  the waveguide. 

w i t h  the signal generator shows no losses occurring i n  t h i s  system. 

However, because o f  small diameters o f  the i n l e t  and o u t l e t  tubes i t  i s  

d i f f i c u l t  t o  get a high i n tens i t y  glow ins ide the waveguide. 

improvements t o  t h i s  system are being made i n  an e f f o r t  t o  overcome t h i s  

d i  f f i c u l  ty. 

These tubes pass through holes 

Checking 

Several 

From our experiments i t  seems obvious tha t  any microwave emis- 

sion from the react ion glows w i l l  be a t  an i n tens i t y  near the lower 

l i m i t  o f  our receiver. 

s i b i l i t y  o f  improving the sensi t iv i ty .  ble have been able t o  arrange for 

the loan o f  a very sensi t ive low noise t ravel ing wave tube ampl i f ier  for 

evaluation and t h i s  should be on hand i n  the near future. From the 

r e s u l t s  obtained t o  date i t  seems reasonable t o  conclude tha t  the micro- 

wave rad ia t i on  emitted from Venus may or ig inate i n  part from a non- 

thermal source and thus the surface temperature may be lower than that  

reported i n  recent 1 i ter  a ture . 

Therefore we have been invest igat ing the pos- 

Photochemistry w i t h  Iodine Lamp 

A series o f  experiments has been carr ied out i r r a d i a t i n g  ni t f ie  

oxide w i t h  the iodine lanp. The 2062 A l i n e  exci tes the NO molecule tQ 

the t h i r d  v ibrat ional  leve l  of the 8 2 ~  exci ted s tate (P system). 

found that  these exci ted NO molecules then undergo react ion i n  a l l  of 

three possible ways: 

We have 

NO* + NO + a) NO, + ri 

b) N2O + 0 

c) N2 + O + O  
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The N20 concentration remained very low throughout the i r r a d i a t i o n  be- 

cause t h i s  molecule also undergoes photolysis with the 2062 A l ine, 

During the i n i t i a l  experiments s ign i f i can t  amounts o f  the 1876 A l i n e  

were also transmitted by the quartz t o  the NO molecules. Under these 

condit ions i t  was found tha t  the NO, formed also reacted away and the 

end products o f  the photolysis were simply N, and 0,. 

L iqu id  CO was i r rad ia ted  w i t h  an end-window iodine lamp using 

a c e l l  which could be cooled t o  l i q u i d  ni t rogen temperature. One ob= 

j e c t i v e  was t o  f ind out whether t h i s  might be a feasible method for 

obtaining carbon suboxide i n  appreciable quantities. 

the CO a3n molecules react  t o  form CO, j u s t  as i n  the gas phase, but w i t h  

an e f f i c iency  only  about 1/10 as great. 

amounts of  carbon suboxide were formed even a f te r  i r rad ia t i ons  of as 

I t  was found that  

For t h i s  reason no substantial 

long as 100 hours. 

Photochemistry w i t h  Bromine Lamp 

A new photochemical lamp has been developed using bromine i n  

Since the bromine l i nes  are a t  1633 A and 1582 A the place o f  iodine. 

inner discharge tube o f  the lamp was constructed o f  Suprasil quartz which 

has excel lent  transmission propert ies 5n t h i s  wavelength region. To date 

on ly  prel iminary experiments have been carr ied out using t h i s  lamp. 

have examined the equi l ibr ium between oxygen end ozone using a f lowing 

We 

system and also the equi l ibr ium between carbon dioxide and i t s  dissocia- 

t i o n  products using a s t a t i c  system. 

importance t o  the understanding o f  planetary atmospheres w i l l  be studied 

i n  detai l .  

These and other systems o f  basic 

The lamp in tens i t y  appears t o  about 3 x 10” quantdsec 
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over the length o f  the tube which i s  su f f i c ien t  t o  p e r m i t  equi l ibr ium 

t o  be obtained very rap id l y  and makes possible fundamental k i n e t i c  studies 

tha t  could not previously be carr ied out. A paper describing the lamp 

and some o f  the experimental resul ts  obtained w i t h  i t  i s  now i n  prepa- 

rat ion. 

Presentations 

Or. Harteck and Dr. Reeves presented a paper e n t i t l e d  "Photo- 

chemical Reactions o f  Excited Molecules", a t  the Photochemical Symposium 

held a t  the Universi ty o f  Cali fornia, Davis, Ca l i f o rn ia  On June 1964. 
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